The color change in fruit is closely associated with its quality, along with texture (1) . Such a phenomenon also occurs in bananas where the color of the peel changes from green to yellow during ripening. The most important compounds responsible for the change in peel color are chlorophyls and carotenoids. Gross and Flugel (2) reported that chlorophyls decreased rapidly, being absent in the ripe fruit. At the same time, the level of total carotenoids decreased to half the level in green fruit, and subsequently again reached a level similar to that in green fruit.
The carotenoids of banana peel have been studied using adsorption chromato graphy as a means of their isolation and purification (2, 3) . They are closer to the chloroplast-type found in leaves, where lutein is dominant. It has also been reported that most of the oxygenated carotenoids were esterified with fatty acids (3) as often observed in other fruits (4, 5) . However, until now, qualitative and quantitative data regarding the fatty-acid esters have not been reported, so far as the authors are aware. The unique changes in total carotenoid content and gradual esterification of the oxygenated carotenoids during ripening may be correlated with ultrastructural changes from chloroplast into chromoplast (2) . In red pepper , the carotenoid pigments are associated with lipoproteins, and exist in fibril which changes during the transition from chloroplast to chromoplast (6) . In persimmon , papaya and red pepper, esterified carotenoids with different kinds of fatty acids have been reported (7, 8 ).
For the above reason, the characterization of carotenoids and their fatty-acid esters in banana peel is important to make clear the mechanism of banana ripening. This will also provide a clue to understand the biosynthesis of carotenoid fatty-acid esters in fruit ripening. In this study, we attempted to identify individual caroten oids and their fatty-acid esters to clarify their normal state of occurrence in banana peel. Fraction IV Fraction IV contained various kinds of oxygenated carotenoid monoesters (see Fig. 3A and Table 3 ). Acetylation tests showed the presence of at least one free OH group. Violaxanthin, auroxanthin, luteoxanthin and isolutein monoesters were estimated from a comparison with the free oxygenated carotenoids of fraction V in banana. Actually, both the amount of carotenoid fatty-acid esters and the free/ monoester/diester ratio of lutein were influenced by the degree of ripening. Further experiments showed that, in green bananas, the OH groups of carotenoids were not esterified; in greenish-yellow bananas, half of them were esterified; and in fully yellow bananas almost all OH groups were esterified with fatty acid. During ripening, chloroplast thylakoid membranes were degraded gradually, and released fatty acids (16). It then seems likely that the oxygenated carotenoids would be gradually esterified by the released fatty acids. There is no reference to the correlation of the degree of esterification of oxygenated carotenoids in banana peel and the ripening degree of banana meat. Based on the present results, we propose that it is possible to estimate the degree of banana ripening from analysis of the esterification of the OH group in oxygenated carotenoids. In addition, this finding may provide a clue to clarify not only the mechanism of color change in banana ripening but also the biosynthesis of caroten oids, especially the esterification of carotenoids commonly observed in matured fruits. From the viewpoint of effective use of banana peel as a natural resource, the extraction of carotenoids and their application as radical scavengers and anti carcinogenic agents may be worthwhile in the future.
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